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INTRODUCTION 


The Boreal forest of Canada forms part of a vast circumpolar belt of 
atural vegetation that straddles the Continents of America, Europe 
and Asia. “It is bounded by the Tundra to the north and by Sub-Alpine 
Forest, "Grasslands, or Temperate Forest to the south. A transitional 
rather than sharp zonation makes the estimation of precise areas 
difficult, but recent figures for Canada indicate 519 x 106ha.of 
ildland and 323 x 106ha of forest compared with 67 x 106ha of 
agricultural land (Statistics Canada 1977). 
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As might be expected, this large forest shares with two other 
ajor renewable Canadian resources - agriculture and fisheries - a 
both national and international importance. In 1974 for example, the 
alue after manufacturing or processing of the three 1 ah 
orestry, te et and fisheries, amounted to $5.5 x 109, $8.4 x 
102 and $0.5 x 109 respectively, with the forestry..sector.contributing 

uch as’ 18% of Canada*s export.earnings. In addition, Canadian 

orests have incalculable indirect value. They provide shelter and 
abitat for numerous species of wildlife, they stabilize soil against 
merosion, they preserve the quality of water bodies, and they exercise 
Onsiderable aesthetic and recreational appeal. 


“1 For a Soils Congress to discuss forest soils and their character- 
mristics contributing to forest productivity would be appropriate, of 
micourse, at any time. At this time and in this place it is particu- 
Sellarly opportune. The world demands for forest products are rising 

mteadily, as are the pressures on forest lands for a variety of 
mindustrial developments such as strip-mining, hydro-electric 
mireservoirs, and oil and gas exploration. Mont henimtenesiinn 0,0» \ 
Bave..ahigh-intrinsi¢ productivity (Rodin and Basilevic 19653 Lieth a 
w1972) and-a-ecentury-or- more of harvesting. has. brought us in.Canada (1. 
43) ee a ee ere ens more intensive manage-. 

eae Wi11..be..necessary to avoid both regional..shortages.and. 
beet he-inereasingly Tong haulages-of primary. produce associated with 
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tapping progressively poorer and. more remote areas. For the forest 

to fulfil all these increasing needs and expectations a far more deep- 
seated understanding of its characteristics and productivity-deter- 
mining processes will be required. 


This paper is intended to be a step in this direction. It aims to 
describe and.examine the productivity of the Boreal forest in relation 
to locality and the soils thereof. The vast areas involved and the 
limited nature of existing data do not permit a definitive treatment, 
but sections will be devoted to the distribution and composition of 
the forest, its broad ecological setting, its productivity and yield, 
factors limiting yield, and threats and opportunities. 


THE CANADIAN FOREST 


Location 


' In Figure 1 are shown the ten major forest vegetation regions of 
Canada. There are, in addition, 90 sub-regions or sections. The 
fractionation was originally developed by Halliday (1937) and its 
geographical rather than strictly classification-basis has since 
been amplified and clearly explained by Rowe (1959). The Boreal 
Forest Region does not embrace the entire Canadian forest, but it 
does include over 80% or the far greater part. It stretches as a 
continuous belt up to 1,300 km wide through all Territories and 
Provinces of Canada from the Alaska-Yukon international border in 
the northwest to Newfoundland Island in the east, a distance of 
over 5,000 km. 


pec7e position 


Native to Canada are over 130 tree species, but only about 30 are of 
commercial significance (Hosie 1969). Some - such as Douglas fir 
(Pseudotsuga menztesit (Mirb.) Franco), Eastern White Pine (Pinus 
strobus L.), and Lodgepole Pine (Pinus contorta Doug]. var. latifolia 
Engelm.) - have been extensively utilized in other countries' 
reforestation schemes, and are as well known and respected inter- 
nationally as Manitoba No 1 Hard Spring Wheat and Pacific salmon. 


With respect to the important Canadian tree species a 1977 survey 
shows the total wood volume of 19.5 x 10’m’, representing all growth- 
classes on all productive, inventoried Canadian forest land, to be 
made up of 79% coniferous and 21% broadleaved species (Forest 
Management Institute 1978). The further breakdown is as follows: 
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(Picea martana (Mill1l.) BSP., P. glauca 30 
Moench (Voss), P. rubens Sarg., 
P. engelmannt Parry., P. sttchensts 
(Bong.) Carr) 

(Pinus bankstana Lamb., P. contortd 14 
Dougl., P. contorta Dougl. var. 
Lattfolia Engelm. ) 


(Abtes balsamea (L.) Mill.) 14. 
(Tsuga heterophylla (Raf) Sarg., 9. 


T. canadensis (L.) Carr.) 


(Tmja plieata Donn., T. occidentalis Ll.) 5. 


Pseudotsuga menztestt (Mirb.) Franco) 


2 
Pinus strobus L.) 0. 
0 


( 
( 
(Chamaecyparis nootkatensts (D. Don) 
Spach) 

( 

( 


Larix larictna (Du Roi) K. Koch) 0. 
0 


Pinus ponderosa Laws. & P. restnosa 
Ait.) 


0 

78 

(Zopulus balsamifera L.) 7 
(Betula papyrtfera Marsh. ) . 
(Populus tremuloides Michx, 3 

P. grandidentata Michx) 

(Acer spp.) | 
(Betula alleghaniensis Britt.) 1 
0 

(Populus trichocarpa Torr. & Gray) 0 
(Fagus grandifolia Ehrh.) 0 
(Fraxtnus spp.) 0 
2] 

100 


. 16% 


-40% 


03% 
81% 


44% 


15% 
94% 
89% 


26% 
22% 


02% 


+926 


48% 
39% 
78% 


86% 
51% 
48% 
24% 
23% 
11% 


08% 


- 00% 


For the Boreal Region the white and black spruces are characteristic 

Species. Other conifers are tamarack, which is absent only in the far 
northwest, balsam fir and jack pine prominent in the central and 

eastern portions, and alpine fir and lodgepole pine in the extreme 
western and northwestern parts. There is a general admixture of 

broadleaved trees, such as white birch, trembling aspen and balsam 
poplar, the latter two species being conspicuous in the central and 
south-central parts, towards the Grassland transitional zone. 
Towards the north the proportion of black spruce and tamarack 
increases and with the more adverse climatic and soil conditions the 
closed forest gives way to a more open lichen-woodland cover or to 
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isolated patches of forest before merging into the Tundra. In the 
east there is appreciable intermixture of such species as eastern- 
white and red pines, yellow birch, sugar maple, black ash and 
eastern-white cedar from the Great Lakes-St Lawrence Forest Region 
(Rowe 1972). 


For the spruces, pines, firs, poplars and birches, frequency of 
distribution maps have been prepared (Halliday and Brown 1943) and 
for all tree species simple area of occurrence maps have been 
published by Hosie (1969). 


Ownership and Production Class 


Of the Canadian total of 323 x 10°ha of forest land 97% is classed as 
Production, meaning that it is available for the growing and harvest- 
ing of forest crops as distinct from the remaining 3% of Reserved 
forest which by law is not so available. Only 6.1% of Production 
forest is privately owned, the remaining 93.9% being vested in the 
Crown and distributed as 76.1% to the ten Provinces of Canada and 
17.8% to the two Territories north of 60°N and to other federal 
agencies. As most of the latter 17.8% is not suitable for regular 
harvesting the important points emerge that the more valuable 
Production forest area is appreciably less than the overall total 

of 323 x 10®ha and that most, or 244 x 10°ha, is shared by ten 
Provincial governments, each with a particular philosophy and policy 
towards the forest. As may be realized, such an orientation sometimes 
makes difficult the elucidation of the wider ecological view. 


If the 244 x 10®ha of Provincial Crown forest and 17 x 10°ha of 
Provincial Private forest are taken together the following distribu- 
tion among the Provinces is seen: British Columbia - 18.1%, Alberta 
- 12.2%, Saskatchewan - 5.1%, Manitoba - 9.7%, Ontario - 21.7%, 
Quebec - 16.8% (a little low through incomplete data), New Brunswick 
- 2.3%, Nova Scotia - 1.5%, Prince Edward Island - less than 0.1%, 
Newfoundland (with Labrador) - 12.6%. Although the location of the 
extensive Production forest areas in Canada is immediately apparent 
from these figures it must not be concluded that small percentages 
signify unimportance. Not only does per hectare productivity count 
but in absolute terms very small percentages may amount to areas far 
in excess of the forest areas of numerous other countries. That for 
the whole of Europe, for example, is only about 120 x 10°ha. 


The above percentages are not always made up entirely of the 
Boreal forest category, and the proportion of Boreal forest within 
each Province has not been precisely estimated. Roughly, however, 
it is: British Columbia - 25%, Alberta - 93%, Saskatchewan - 100%, 
Manitoba - 97%, Ontario - 75%, Quebec - 75%, New Brunswick, Nova 
Scotia and Prince Edward Island - 0%, Newfoundland (with Labrador) 
- 100%. The significant point is that for British Columbia most of 
the forest harvest does not come from the Boreal forest category. 
For Ontario and Quebec some does not and this includes the quality 
hardwoods. For the three Maritime Provinces none does, but for the 
three Prairie Provinces and Newfoundland almost all does. 
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THE FOREST ENVIRONMENT 


Climate 


The various forest areas of Canada display considerable variation in 
climatic parameters. The average daily-minimum temperatures for 
January are around 5 C for coastal British Columbia, minus 10 C for 
the Atlantic Provinces, and minus 25 C for much of the Boreal. The 
Boreal-Tundra transition is somewhat lower at around minus 35 C. The 
corresponding average daily-maximum temperatures for July are respect- 
ively 20 C, 15 C to 25 C, with 15 C for the Boreal-Tundra transition. 
The length of the growing season - i.e. the numbers of days when the 
mean daily-temperature exceeds 5.6 C (42 F) - varies from 260 days in 
coastal British Columbia, through 190 days for the Atlantic Provinces, 
to around 140 days for much of the Boreal Region. The Boreal-Tundra 
transition corresponds to 80-100 days. For the same four locations 
the number of degree-days - i.e. the total number of degrees above 

5.6 C (42 F) for all days during the growing season - varies from 
3,000 through 2,500 to 2,000, with a value approaching 1,000 corres- 
ponding to the Boreal-Tundra transition. Of particular relevance to 
growth and productivity is the annual net radiation received (Hare and 
Ritchie 1972). Using values taken from J.E. Hay's unpublished 1969 
thesis these authors have grown how annual totals range from 35-40 
kilolangleys (240-280 x 107 W/ha) in coastal British Columbia and the 
Atlantic Provinces to values as low as 15 kilolangleys (105 x 109 W/ha) 
in the Mackenzie Delta. For much of the Boreal, values are 30-35 
kilolangleys {210-240 x 109 W/ha), falling to 20-25 kilolangleys 
(140-180 x 10% W/ha) in the Boreal-Tundra transition and rising to 
35-40 kilolangleys (240-280 x 109 W/ha) in the Boreal-Grassland 
transition. 


The annual precipitation for coastal British Columbia is over 
2,000mm (>80 inches), for the Atlantic Provinces around 1,100mm 
(40 inches), and for the Boreal in the range 250-1,000mm (10-40 
inches), it being necessary to distinguish between the drier Boreal 
west of Manitoba and the increasingly wetter Boreal east of the 
Manitoba-Ontario border. A similar split has to be made in the 
annual hydrologic-runoff figures, which are useful indicators of that 
portion of the total precipitation which is not evaporated. This 
serves to indicate the size of river flows and before this stage the 
potential for soil-leaching and other pedological processes (Canadian 
National Committee, International Hydrological Decade 1969). The 
figures for the first three areas are over 1,800mm (>70 inches), 
50-1,000mm (20-40 inches) and 130-750mm (5-30 inches). It is again 
possible to see a striking difference in this hydrologic character- 
istic for different parts of the Boreal. In Quebec, values fall from 
1,000 to 380mm (40 to 15 inches) across a northwesterly transect 
connecting Anticosti Island in the Gulf of St Lawrence to Belcher 
Islands in Hudson Bay. Across the Boreal of Ontario an analogous 
northwesterly transect reveals a drop from 460mm (18 inches) at 
Lake Abitibi to 150mm (6 inches) at Sandy Lake. From north of Lake 
Winnipeg to as far as the Mackenzie River delta there is remarkable 
constancy, the annual hydrologic-runoff remaining at the very low 
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value of around 130mm (5 inches). 


Geology and Glaciology 


Bedrocks vary according to the five main physiographic regions of 
Canada. There is the Cordilleran of the west; the Interior Plains 
stretching from the Rockies to Lake Winnipeg; the Shield, covering 
all areas east of Lake Winnipeg and north of the Great Lakes and the 
St Lawrence River (except for the Hudson Bay Lowlands and southern 
Ontario); and the Appalachian, covering all areas east of the St 
Lawrence estuary (Geological Survey of Canada 1969, 1970). 


The coastal Cordilleran bedrocks are mainly uplifted sedimentaries 
with considerable igneous intrusions. The Interior Plains are 
horizontally bedded limestones, shales, and sandstones. The Shield 
is composed of granites, quartzites, and other ancient hard siliceous 
rocks. The Appalachians, although formed by folding and faulting 
processes analogous to those of the coastal Cordilleran, differ from 
the latter by comprising essentially Mesozoic rather than Palaeozoic 
strata. The bedrocks of the Appalachians vary from the granites 
and quartzites of Nova Scotia and central Newfoundland, through the 
limestones and shales of New Brunswick, the Gaspé, and western 
Newfoundland, to the red sandstone of Prince Edward Island. Except 
for substantial parts of the Yukon, some parts of the adjoining 
Northwest Territories, and minor but interesting areas elsewhere - 
such as the Cypress Hills of southernmost Alberta and Saskatchewan -. 
no forest areas of Canada were unglaciated. Soils have been derived 
from medium to coarse morainic materials, often with varying additions 
of finer materials stemming from glacial-lake or marine inundations 
(Geological Survey of Canada 1968). Glacial-lake inundation occurred 
extensively from the Rockies eastwards to Lake Nipigon, Ontario, ina 
large area common to Ontario and Quebec centred on Lake Abitibi, and 
in southern Ontario, but elsewhere it was largely absent. Marine 
inundation mainly affected the Hudson Bay Lowlands, parts of the 
Ottawa and St Lawrence river valleys, the Lac St Jean basin, and 
coastal New Brunswick. 


Soils 


There are eight major soil orders represented throughout Canada: the 
Chernozemic, Solonetzic, Luvisolic, Podzolic, Brunisolic, Regosolic, 
Gleysolic, and Organic (Canada Department of Agriculture 1970). There 
is, of course, progressively further division of these orders into 22 
’ great groups, 138 subgroups, 800-1,000 families, around 3,000 series, 
and around 4,000 types. Very briefly, it may be said that Canadian 
forests are supported predominantly by soils of the Podzolic Order, 
with those of the Luvisolic, Brunisolic, Gleysolic, and Organic Orders 
playing relatively smaller roles. Nevertheless, in absolute terms, 
soils of the latter four orders support considerable areas of forest, 
and over vast areas any one soil order or subgroup could be the prime 
focus of attention. 


To characterize Canadian forest soils in a few words is not easy. 
Many are of coarse to medium texture with appreciable admixture of 
stones on tills or on glacio-fluvial outwash plains. Clay content is 
greater on lacustrine and marine-influenced sites. Most display a 
surface accumulation of organic matter with an eluvial horizon 
varying from incipient to well-developed. Below is a darker illuvial 
horizon enriched in clay or in organic matter and sesquioxides. In 
general, profiles are shallow without the indurated ironpans seen 
in some other north-temperate forest soils. Soils are usually 
acidic, pH values ranging from 4 or sometimes less in the surface 
organic horizons to 5.5 or sometimes more in the subsoil. Nitrogen 
contents vary down the profile from 1.5 to 0.02%. Except in the 
Surface organic layers, exchange-capacities are low: throughout the 

rofile base-saturation is low, with calcium being the dominant base 
in the surface organic layers but with potassium becoming relatively 
Ore important in the mineral horizons. 


A few recent notable papers are by Pollett (1972) for Newfoundland 
peat types, by Page (1971) for Newfoundland podzolic and brunisolic 
soils, by Dumanski et al. (1970) for Alberta luvisolic soils, by 
Scotter (1971) for northern Prairie and Northwest Territories 
podzolic and brunisolic soils, and by Wilde et al. (1954) for 
northern Ontario organic, gleysolic and podzolic soils. The paper 
by Tarnocai (1978) in this Symposium is highly pertinent. A recent 
Canada-wide treatment by Rennie (1977) discusses the role of organic 
soils in forest production. 


FOREST GROWTH AND PRODUCTIVITY 


Some Constraints 


One of the major differences between forestry and agriculture when 
roductivity is to be related to site or soil characteristics lies 

n the difference in scale. Forest growth is more complex, much more 
rotracted in time, and has to be considered over greater areas. TO 
the writer's knowledge, the type of information on forest yield has 
not yet been assembled that would permit a study of the productivity 
within a major Forest Region in relation to soil characteristics in 

a manner analogous to Sheppard and Williams' (1976) recent Prairie- 
wide study of the soil factors affecting cereal yields. This is not 
to say, however, that growth and yield have not been studied for very 
many years (Bickerstaff and Hostikka 1977), that some very sophisti- 
cated studies do not exist (Rennie, 1963) or that strenuous efforts 
are not being made to improve the quality of forestry statistics 
(Forest Management Institute 1978). Nevertheless, at the present 
time it is necessary to draw from several sources in an attempt to 
portray an overview. 
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National Forestry Statistics Survey Data 


The new consolidated data are probably the most comprehensive yet 
available on the area and wood volume of Canada's forests. Their 
basis of compilation is essentially by jurisdictions, not by 
ecological forest regions. They are not designed to show rate of 
growth or productivity and they are made available in an objective 
fashion for readers to use and interpret as they choose. To the 
writer a number of points seem relevant. First, although the map of 
the forest areas inventoried clearly excludes large areas of the 
Boreal Forest Region in the Northwest Territories, in northern 
Saskatchewan, Manitoba, and Ontario, in northern and eastern Quebec, 
and in Labrador, such excluded areas fall in the Wildland category 
and are not estimated to be capable of producing more than 30m%/ha 
regardless of how long growth might continue. Beyond the 314 x 106ha 
of forest land inventoried, therefore, tnere Me no great reserve of 
Production Forest and even within the 314 x 106ha only 6.7% or 21 x 
10°ha have not yet been quantified. The inventory map gives a more 
realistic guide to the production forest areas of Canada than the 
widely consulted Forest Regions map. 


Secondly, examination of the make-up of the 314 minus 21 or 
293 x 10°ha of inventoried Production Forest shows that only 
198 x 10®ha are classed as "productive", the remaining 95 x 10°ha or 
32.4% being "unproductive" in the sense of not being able to produce 
a merchantable navies k within a reasonable period. Of the 198 x 
10°ha, only 161 x_10°%ha are currently economically accessible, the 
remaining 37 x 106ha or 18.7% being currently economically inaccess- 
ible. Therefore, although the figure of 323 x 10~°ha of forest land 
is often cited for Canada, the actual area on which it is currently 
economic to grow and harvest tree crops is only 161 x 10®ha or 49.8% 
of this. 


The third point arises from the inevitable nature of essentially 
even-aged forests, where oye part of the growth is mature and ready 
for harvesting. The 161 x 10°ha are made up as follows: 


Maturity Class Area, 10°ha Percentage 
Regenerating 13.4 G3 
Immature Gere 38.0 
Mature 94.5 33.8 
Uneven-aged 14.2 8.8 
Potentially Productive iio lie! 
Total 161.0 100.0 


Thus, nearly 18 x 10°ha of accessible productive forest land has 

gone out of production and the annual] harvest is being extracted from 
a forest estate of 143 x 106ha. Furthermore, if it be assumed that 
only mature forest is being cut and the balance of classes over the 
years is being preserved then 54.5 plus 14.2 or 68.7 x 10°ha appears 
to be the area suitable for harvesting operations in any one year. 


314 


A fourth point may be made from an examination of the distribution 
of the 161 x 10®ha across Canada. For convenience the figure of 
142.5 x 10°ha may be taken rly le just the Provincial phe 
forest (the difference of 1B. 5 x 106ha is made up of 2.9 x 10ha of 
Federal Crown and 15.6 x 10°ha of Private forest). The 142.5 x 
10°ha are distributed among the Provinces as: 


Province Area, 10°ha Percentage 
British Columbia 39.8 28.0 
Alberta CU 14.2 
Saskatchewan 5.9 4.] 
Manitoba 5 39 4.] 
Ontario 29.3 20.6 
Quebec ee 23 wit 
New Brunswick Zoik 1.9 
Nova Scotia 0.9 0.6 
Newfoundland 4.4 a 
Total 142.05 100.0 


British Columbia followed by Quebec and Ontario and then Alberta are 
seen to be the Provinces with the largest areas of accessible and 
productive Production Forest. If, however, just the Boreal in this 
category is considered, Quebec and Ontario eee (25 and 22 x 106ha 
respectively) followed by Alberta at 19 x 106ha, British Columbia 

at 9 x 105ha and then Saskatchewan, Manitoba and Newfoundland (5.9, 
5.7 and 4.4 x 10ha respectively). These summate to 92 x 10Sha. 


The National Forestry Statistics include data for the total wood 
volumes (main stem, stump and top) associated with the above 
Provincial areas, hence it is possible to evaluate overall volume/ 
area ratios. The values corresponding to the above table are: 


Province Area, 10°ha Wood Volume, 10°m3 Ratio, m3/ha 
British Columbia 39.8 6,924.2 174.0 
Alberta 2002 Te527 33 75.6 
Saskatchewan oe 37339 63.4 
Manitoba 5.9 321.0 55¢4 
Ontario 29.3 ie es 109.1 
Quebec 33.4 Oe eo.6 75.6 
New Brunswick Pee 331.9 122.9 
Nova Scotia 0.9 457 50.8 
Newfoundland 4.4 36077. 82.9 
Total /Mean 142.5 1 ie OG 109.6 
Total /Mean* Ole os, 8,689.3 84.6 


*all jurisdictions, except British Columbia 


Eats 


Clearly, the standing yolume per unit area averages about 110m3/ha , 
but is greatest for British Columbia and least for Nova Scotia. 
Values for the Boreal are not spouD as such, but can be estimated 
to lie within the range 55-85m3/ha. It needs to be emphasized that 
because these wood volumes include stump and top they could be 20 
to 35% greater than a conventional merchantable crop comprising 
just main-stem. 


Standing volumes per unit area have also been evaluated for other 
CASON SS - For the Private accessible Production forest, the ratio 
is 84. gm /ha, for the Provincial Crown accessible Reserve Forest 
139.2m3/ha. An interesting point is that the largest area of 
economically inaccessible motes h - the Provincial Crown Production 
category - has a ratio of 50. 5m3/ha, Suggesting that if this categ- 
ory were to be exploited the additional yield per hectare would 
only be half that of the currently accessible areas. The average of 
all ten epper sip and accessibility categories (all maturity classes) 
is 94.1m3 aie pepresented by ate overall Canada-wide volume of 
19,479 x 106m? on 207.1 x 10°h 


A sixth aspect arises from an examination of the annual depletion 
or cutting data. It is understood that these are not as precise as 
desirable but they suffice for the present broad analysis. In 1976 
a total of 131.5 x 106m3 was harvested across Canada from an 
peeuptee 0.653 x 10°ha, representing an overall average yield of 
201m3 /ha. Area figures were not available for Quebec, New Brunswick ° 
and Nova Scotia, hence the national average has been calculated in 
two ways; first, by including area estimates for these Provinces; 
secondly, by omitting both area and volume for these Provinces. 
The jurisdictional breakdown is: 


| Jurisdiction Area, 103ha Wood Volume, 103m3 Ratio, m3/ha 
Yukon 0.4 Te 180.0 
Northwest T. OF3 44 146.7 
British Columbia 15627 69,687 445.0 
Alberta fall eg 4,797 237 so 
Saskatchewan 17-3 25050 124.9 
Manitoba 21.4 13655 86.7 

- Ontario 196.7 14,708 74.8 
Quebec (190) 24,962 (131)* 
New Brunswick (15) 7,292 (486)* 
Nova Scotia (5) 33235 (647)* 

‘ Newfoundland 29.3 23023 89.5 
Total /Mean* (652.9)* 13 L511 (201.)* 
Total /Mean** 442.9 96 ,022 217** 
Total /Mean*** 496.2 61,824 125*** 

* based on estimated areas for Quebec, New Brunswick and Nova 
Scotia 

** al] jurisdictions excluding Quebec, New Brunswick and Nova 
Scotia 


**k al] jurisdictions excluding British Columbia 
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It is clear that the need to adopt an assumed area value for Quebec, 
New Brunswick and Nova Scotia has not resulted in a Das difference 
between the two average national yields of 201 and 217m3/ha. The 
dominant effect of the high yield of British sae may be 
appreciated by the much lower national yield of 125m3/ha obtained 
by omitting this Province. Yield for just the cence Forest 
component appears to lie within the range 75 to 125m3/ha, if the 
unusually high value for Alberta is excluded. The reason for the 
latter is unknown. It may be remarked that if the standing volumes 
are compared with the cutting yields, as below, values are of the same 
order if the comparison is restricted to just mature age classes. 


Jurisdiction/Region Standing Volume, m3/ha Cutting Yield, m3/ha 
All Maturity Classes 


Canada-wide, 110 201* 

Canada less B.C. 85 125* 

Boreal 55-85 75-125* 
Mature class 

Canada-wide ; 194 (201) 

Canada less B.C. 146 (125) 


*only the mature is cut 


One final value of interest is the ratio of the total area of 
forest, 142.5 x 10®ha, to the annual cut, 0.653 x 106ha: it is 
220/1. Unfortunately, the National Statistics do not so far include 
any estimates of growing periods. It can only be speculated that if 
the rotation age averages 100 years the anete yields would arise from 
a productivity varying from 0.75 to 2.0m3/ha/yr. 


Bedell Productivity Data 


Over a number of years G.H.D. Bedell assembled considerable growth and 
yield data for the Forest Regions and Sections of Canada in an attempt 
to build up a national picture of potential productivity. Unfortu- 
nately, this valuable endeavour was never widely publicized and the 
last known compilation was issued as a 1964 supplement to his 1958 
Report (Bedell 1958). It must be explained that the data were never 
claimed to be more than approximate. Moreover, by the utilization 
standards and rotation ages then prevailing the estimates of merchant- 
able increment were probably quite conservative. Nevertheless, as they 
are the only national estimates yet available prepared on an ecological 
basis, they warrant examination to see what they might reveal about 
different areas of the Boreal Forest Region. Below is an extract 
arranged by jurisdictions and the Forest Sections contained therein: 
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Jurisdiction Forest Section Potential Productivity, m3/ha/yr 
Yukon B33 0.14 
B26 7.05 
B24 ede 
Northwest Territories B33 0.14 
B32 0.14 
B27 0.28 
B23b 1.05 
B18b 1.54 
B23a 1.05 
B24 Tele 
British Columbia B25 VaA2 
B24 tele 
B19b eat 
B19a 1.47 
B18b 1254 
Bl8a 1.54 
Alberta B19a 1.47 
B17 0.70 
Bl8a 1.54 
B18b 1.54 
B23a 1.05 
B22b Qale 
B23a 1.05 
Saskatchewan B15 0.84 
B22a 0.77 
B22b Oh? 
Bl8a 1.54 
B20 tte 
Manitoba B5 0.14 
B27 0.21 
B21 0.56 
B22a OF77 
B14 1.26 
B15 0.84 
B18a 1.54 
Ontario B5 0.14 
B22a 0.77 
B14 1.26 
B4 1.19 
B7 1.82 
B8 Dears 
B9 1.61 
B10 1.61 
Bll 1.82 
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Jurisdiction Forest Section Potential Productivity, meha/yr 
continuation 

Quebec Bl3a 0.28 
B13b 0.28 
B31 0.14 
B32 0.14 
B4 Tag 
B7 ls82 
Bla NBL 
Blb 3.50 
B2 3.00 
B3 2.45 
B6 126 

Newfoundland Bl3a 0.28 
B31 0.14 
Bl2 adie 
B30 2.10 
B28a 2.3) 
B28b VACHS 
B29 Zeal 
B30 2010 


Clearly, values range from 0. 14m3/ha/yr in the central Yukon to 
oe 50m3/ha/yr in southeastern Quebec. As incremental rates below O23 
and 0.2m /ha/yr would not make 30m3/ha within 100 and 150 years' 
growth respectively, it is apparent that appreciable Wildland and 
non-Productive Forest Land are included in the table. On the other 
hand, as earlier it was shown that the standing wood-volume and 
cutting yields for the Ae ese parts of the Boreal lie within the 
ranges 55-85 and 75- 125m3/ha respectively, it may be seen that many 
of the Bedell potential productivity figures are reasonably valid as 
general approximations and could be equated with such production totals 
over a 100-year rotation. 


Although a detailed examination of soil-tree growth relationships is 
beyond the scope of this paper a few observations may be made with 
respect to the various jurisdictions. 


Yukon: Forest Sections B26 and B24 in the south-central parts of the 
Yukon appear to have productivities just over 1m3/ha/yr that would 
place them in the Production category. Such forests are supported by 
coarse to medium-textured Eutric Brunisols. The Wildland of the north- 
central Yukon is supported by coarse-textured Orthic Regosols or in the 
case of the Yukon North Slope by Cryic Gleysols. 


Northwest Territories: Only Forest Section B23b downstream from Norman 
Wells in the Mackenzie River valley and B24 & B18b upstream, with the 
southernmost part of the Territory bounded by Fort Laird, Fort Simpson 
and the Great Slave Lake display productivities exceeding 1m3/ha/yr. 
The soils are mainly fine textured Gleysols with a southern fringe of 
Cryic Fibrisol and northern fringe of Eutric Brunisol. The Boreal- 
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Tundra transition to the north between Great Slave and Great Bear 
Lakes is supported by stoney Eutric Brunisols, fine-textured Cryic 
Fibrisols and stoney Dystric Brunisols. 


British Columbia: West of the Rockies the Boreal Region as Section 
B25 is confined to the lower slopes of very rugged mountain country. 
Productivity only just exceeds 1m3/ha/yr and soils are stoney Eutric 
Brunisols. East of the Rockies to the Provincial boundary at 120°W 
the Boreal is represented largely by B24 in the north B19a and B19b 

in the central portions and BAG in the south. Whereas the productiv- 
ity of B24 only just eae 1m3 /ha/yr that of the other Forest 
Sections is around 1.5m3/ha/yr. B24 is supported mainly by Eutric 
Brunisol but the other more productive Sections by Gray Wooded 
Luvisols of varying texture. 


Akberta:.. Forest Sections B18b and Bl8a make up much of the 

northern and central parts of the Province respectively with B19c 
running as a strip along the foothills of the Rockies as in British 
Columbia and B19a occupying a west-central area common to British 
Columbia. West of Lake Athabasca to Fort Vermilion is B23a centred 
on the Peace River Valley. Approximately southwards from Edmonton 

is the Boreal-Grassland transition B17. The latter is supported 
mainly by medium-textured Dark Brown Chernozems, with areas of Brown 
Solenetzic Soils to the south and east and merging to Gray Wooded 
Luvisols and Fibrisols to the north. The productivity of B17 is less 
than 3im/ha/yr. Sections B18 and B19 have the modest productivity of 
1.5m3 /ha/yr and are supported by medium-textured Gray Wooded Luvisols 
and Fibrisols. To the north there is fine-textured Gleysol and to the 
west Solods. West of Lake Athabasca are Fibrisols. 


Saskatchewan: The area north of approximately the southern end of 
Reindeer Lake, represented by Sections B22a and some of Section B22a; 
has pot been inventoried and has a productivity ranging from 0.7 to 
1.0m3 /ha/yr. These Sections are supported by stoney Humo-Ferric 
Podzols. South of these Sections to the Boreal-Grassland transition 
is B18a of somewhat greater productivity - 1.5m3/ha/yr. This Section 
is supported by Gray Wooded Luvisols with some Fibrisol to the east 
and areas of Dark Gray and Black Chernozemic Soils to the west. 


Manitoba: Once again there is a large northern area of Wildland or 
Boreal-Tundra transition not inventoried. West of Lake Winnipeg the 
Boreal comprises a northern Section B22a, shared with Saskatchewan 
and a southern Section B15. Both are of low productivity - less than 
Im3/ha/yr, and are supported mainly by stoney Humo-Ferric Podzols with 
some areas of Fibrisol in the north and medium textured Gray Wooded 
Luvisols to the south. North of Lake Winnipeg is B21 on largely 
Organic Fibrisols, again of low productivity. The most productive 
Sections are Bl8a adjacent to Saskatchewan in the south and B14 
adjacent to Ontario in the south. Productivity is around 1. 5m3/ha/yr 
and soils are Black Chernozems or Gray Wooded Luvisols in the former 
case and Fibrisols in the latter. 
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Ontario: North of 52°N embracing most of the Boreal-Tundra transition 
and considerable parts of Section B22a bordering onto Manitoba no 
inventory has yet been completed, although a large area north of Red 
Lake has been a subject of much public interest. This Section appears 
to be of rather low productivity - about 0.8m3/ha/yr, Supported by 
coarse-textured Humo-Ferric Podzols with a little Gray Wooded Luvisol 
towards the west and appreciable Organic Fibrisol to the east. South 
of Section B22a, starting at about 519N and extending eastwards and 
southwards to Thunder Bay is B11 with a productivity of 1. 8m3/ha/yr ; 
higher in fact than any site in the Canadian Boreal west of Dryden, 
Ontario. The soils are coarse-textured Humo-Ferric Podzols. East and 
south bordering onto the Great Lakes-St Lawrence Forest Region and 
reaching to the Quebec border are Sections B8, B9 and B7. B9 has a 
PrOguor Ivy ty a little lower - 1.6m°’/ha/yr - than the other two at 
1.8m’/ha/yr, but all are appreciably higher than for areas of the 
Canadian Boreal west of Dryden. In all cases these Sections are 
Supported by Humo-Ferric Podzols. The remaining large Boreal Section 
in Ontario is B4, which is shared with Quebec and is centred on Lake 
Abitibi. Soils are Ee textured Organic Fibrisols and Gleysols. 
Productivity at 1. 2m3 /ha/yr is markedly less than for the other 
Ontario Boreal Sections, except for B22a. 


Quebec: As with Ontario the currently inventoried forest area 
extends north to about 52°N which in Quebec corresponds approximately 
with the boundary between the Boreal and Boreal pelts: transition. 
The latter has the usual very low productivity - 0. 3m3 /ha/yr, and is 
supported by stoney Humo-Ferric Podzols with some areas of Rockland. 
Adjacent to James Bay is a northward extension of the aoreae - Bo, 
displaying the somewhat higher level of productivity - 1.3m3 /ha/yr, 
and supported by Cryic Fibrisols. The main Boreal Sections are B4 
in the west, shared with Ontario, then Blb extending the entire width 
of Quebec to the Strait of BUGS Isle. As seen earlier B4 does not 
have a high productivity - 1. 2m3 /ha/yr, but Blb and Bla to the south 
of it both north ang south of the Lac St Jean basin have the highest 
productivity - 3.5m’/ha/yr, of all Boreal Sections. Soils are again 
Humo-Ferric Podzols with areas of Rockland east of Baie Comeau and 
changing to the Gray Wooded Luvisol of B4 in the west. South of Blb 
and east of B4 is B3 a less undulating area of Humo-Ferric Podzols 
of moderately high productivity - 2.5m3/ha/yr. Between this and the 
Great Lakes-St Lawrence Forest Region is B7 stretching from the 
Ontario-Quebec BUDE any almost to Quebec City. This is of moderate 
productivity - 1.8m3/ha/yr and although supported mainly by Humo- 
Ferric Podzols includes areas of Dystric Brunisols. 


Newfoundland: For Labrador only the Churchill River basin centred on 
Goose Bay falls within the Boreal - Bl2, and aie the Boreal-Tundra 
transition. Productivity is marginal at 1. 1m3 /ha/yr and Bl2 is a 

sort of enclave of Humo-Ferric Podzols surrounded by Rockland Soils. 
For Newfoundland Island,Boreal Sections occupy much of the west - B29, 
north-central - B28a,and the east - B30, where productivity is moder- 
ate, 2.3m°/ha/yr to somewhat lower, 2. im3/ha/yr. Soils are generally 
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medium-textured Humo-Ferric Podzols, with some Gray Wooded Luvisol in 
the west, and with Gleysolic, Organic and Rockland Order's as sub- 
dominants. 


For all Territories and Provinces, an overall picture emerges of a 
broad arc of Boreal-Tundra transition on the Precambrian Shield of 
very low forest productivity. Underlying soils are Podzols. Beyond 
this is the main Boreal band of Production Forest which is not as 
wide as the traditional Forest Regions map might suggest. Within 
this band forest productivity seems low to moderate for most Forest 
Sections west of the Manitoba-Ontario boundary and greatest for 
the more southerly Forest Sections of Ontario and especially Quebec. 
The soils of the west are primarily Gray Wooded Luvisols and those 
of the east Humo-Ferric Podzols. Climate clearly affects productivity 
as the transition is followed from the more adverse characteristics of 
the western Boreal to the less adverse features of the eastern Boreal. 


Reed and Associates' Data 


A third important source of information is the 1974 Reed Report 
especially prepared to provide data on economic and other aspects of 
Canada's timber supply (Reed 1974). Territories and Provinces are 
divided into industrial zones, rather than Forest Sections or 
ecological areas, and for each largely Provincial or Federal govern- 
ment data have been compiled to show - among other items - the 
productivity of mature timber. 


Unfortunately, the industrial zones do not coincide with the 
Forest Sections but it is interesting to make the following broad 
comparison between the Bedell and Reed values for just the Boreal 
Sections: 


Productivity, m3/ha/yr 


Jurisdiction Bedel 1 Reed 
British Columbia Wisbhe5 1.4-1.7 
Alberta Pei 1.3-2.0 
Saskatchewan 0.8-1.5 1.0 
Manitoba 0.6-1.5 1.2-1.6 
Ontario 1.2-1.8 0.8-1.3 
Quebec 122325 ].0-1.4 
Newfoundland 1.1-2.3 te4 


In general the Reed yalues show Jess variation than Bedell's, 
perhaps because the industrial-zone grouping masks ecological 
variation. Nevertheless the adoption of the Reed grouping should 
raise the fundamental question of how useful and relevant is the 
Forest-Section classification for forest management purposes. The 
further point is that there is a fair measure of agreement between 
the two sets of ranges, except in Ontario and Quebec and to a lesser 
extent in Newfoundland where Bedell's upper figures markedly exceed 
Reed's. The inherent uncertainties associated with such data make 
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speculation hazardous but if the cutting yield mentioned earlier of 
75-125m3/ha/yr is accepted then the highest productivity figures of 
Bedell] suggest such a yield would be reached in an unrealistically 

short time, whilst the lower productivity values of both Bedell and 
Reed suggest a rotation of not less than around 100 years. 


THREATS AND OPPORTUNITIES 


Threats 


It was shown earlier that the area of economically accessible 
productive forest land in Canada is at present 161 x 105ha. 
Somewhere between 54.5 and 68.7 x 10°ha of this Supports mature 
growth and is suitable for cutting: in 1976 about 0.65 x 10°ha 
were actually harvested yielding about 131.5 x 10m3 of wood 
volume. Be Ce UGL yey or the rate of growth Hole to range 
between 0.6 and 3.5m?/ha/yr with 1.0 to 1.75m?’/ha/yr being 
characteristic for much of the Boreal. Is there, therefore, a 
resource-supply problem? Only about one hundredth of even 
currently mature stands are being cut annually so that at the 
present rate of consumption it would take 100 years to use the 
existing mature reserve, by the end of which time a large portion 
of the now immature 61.1 x 10®ha would then be mature. Even if 
annual demand does rise by 2,000 A.D. to the predicted 200 x 106m3 
such a demand could be met from the existing estate of 161 x 106ha 
with the modest productivity of 1.25m3/ha/yr. What reasons are 
there for supposing such modest productivity might be threatened? 


First fire, both natural and man-made, which over the 1965-74 
period has resulted in an annual loss of 0.9 x 10°ha of forest, 
distributed as 0.55 x 106ha in the Provinces and 0.35 x 10®ha in the 
Territories (Forest Fire Research Institute 1978). The forest 
areas most prone to fire for climatic reasons are the southern 
Interior of British Columbia followed by southwestern Yukon, the 
Boreal of Saskatchewan and Ontario (south of Kapuskasing) and 
central Nova Scotia (Simard 1973). Actual occurrences are at a 
clear maximum in an area common to Ontario and Quebec extending 
from Sault Ste Marie to Trois Riviéres and southwards to the 
latitude of Kingston (Simard 1975). Fire is not, of course, 
confined to the prime forest lands, but many outbreaks occur on 
the more valuable accessible forests for these are the areas 
more easily and frequently visited by man. As the area of forest 
burnt annually in the Provinces is about the same as that harvested 
it is not surprising that considerable effort is expended on fire- 
control organizations. Fire, though, is not an unnatural ingredient 
of the Boreal forest, serving a key role in determining plant 
succession, soil-forming processes and other ecological functions 
(Heinselman 1971; Kelsall, Tefler and Wright 1977). The challenge 
in management is to exploit its advantages and avoid its disadvant- 
ages. 
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The second ever-present threat is the one of insect pests and 
diseases to which forests composed of a few species are particularly 
liable to catastrophic loss. Of particular topical interest is the 
spruce budworm (Choristoneura fumtferana (Clem.))in eastern Canada, 
whose numbers periodically reach epidemic proportions. Since 1909 
this pest alone has killed 0.9 x 109m? of timber (Place 1974). 
There are, in addition, other pests and diseases and in 1976 the 
overall loss suffered by their depredations was estimated at 
88.4 x 106m3 of merchantable volume. As with the fire-loss, this is 
again a Figure of comparable proportions to the annual harvest of 
131.5 x 10°m? (Federal Insect and Disease Survey 3978). At present 
it is not possible to analyze insect and disease losses according to 
ecological setting or soil type, but the following table indicates 
the extent to which losses are caused by different organisms: 


Organism Total Annual Loss of Pee gems bue Volume, 
10°m 


Insect Pests, Defoliators 
Eastern Spruce Budworm 
Douglas-Fir Tussock Moth 
Western Blackheaded Budworm 
Western Spruce Budworm 
Aspen Defoliators* 
Miscellaneous Defoliators 

Insect Pests, Others 
Bark Beetles* 


Balsam Woolly Aphid* i 
All Insect Pests 


— [o%) 
ClO © OWOdOO P99 
WOM W™ PS 
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Diseases 
Stem Rots 
Root Rots* 
Dwarf Mistletoes* 
Hypoxylon Canker 
White Pine Blister Rust* 
Miscellaneous Diseases 
All Diseases 
All Insects and Diseases 


ine) 


Og OoOwrof 
PBI DON — CO 


CO - 


*data missing for some Provinces 


A third major threat to Canada's forests is atmospheric 

’ pollution, arising from strong point sources and from more widely 
distributed long-range transport (Rennie and Halstead 1977). From 
the point sources in Canada, about 6.5 x 106 tonnes of S02 are 
emitted annually giving cause for concern in three major geographical 
areas - the Sudbury area of Ontario (1.4 x 106ha), the Grande 
Prairie-Edmonton-Pincher Creek crescent of Alberta (7.8 x 106ha) and 
the Windsor-Sudbury-Montreal triangle (15.0 x 10°ha). There is 
concern, too, in more isolated centres - Noranda and Murdochville, 
Quebec; and Thompson and Flin Flon, Manitoba. Here, SQ -emissions 
and to some extent associated heavy metals carried in particulates, 
adversely affect the forest vegetation of up to 2.5 x 10°ha, causing 
depletions in forest growth amounting to an annual fiscal loss of 
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between $1.2 and $2.8 x 109. 


Concern is not limited to the direct effects of high ambient 
concentrations, but also to the cumulative effects airborne 
pollutants can exercise when brought down by precipitation and 
adsorbed by the soil. Such effects are very difficult to demonstrate 
(Abrahamsen 1976), but it is realized that the important forest areas 
of south-central Ontario and Quebec on acidic podzols would be very 
prone to soil-degradation processes. Increased loss of calcium from 
the profile could be expected with an associated increase in 
acidity, the solubilization of potentially toxic ions, such as 
manganese and aluminum, and the elimination or weakening of the 
more useful micro-organisms. A monitoring network is already indica- 
ting increased deposition of SO> over eastern Canada, originating 
from the increased amounts of fossil fuels, especially coal, being 
burnt in northeastern North America. 


A fourth major threat stems from the traditional way in which 
n apparently limitless natural forest has been managed. After a 
clearcut or logging, the new forest-growth establishes itself over 
much of the area naturally or to a small extent aided by cultural 
measures such as planting, artificial seeding or scarification. On 
a proportion of the land, estimated to be as much as a quarter of 
that harvested, there is delayed or inadequate re-stocking, so that 
in time a backlog builds up of land that has ceased to a productive 
forest. As shown earlier, this now amounts to 17.8 x 10°ha or 11.1% 
of the total area on which it is currently economic to grow and 
harvest trees. Depending upon soil and situation, such land may 
become weed-infested, dominated by ericaceous shrubs or waterlogged 
through the elevation of an already high water-table consequent upon 
the removal of the transpiring tree-cover. The latter problem is 
frequently encountered on the Organic soils, Gleysols and Podzols 
of Ontario and Quebec where remedial measures are often technically 
possible but precluded through their expense. 


A fifth threat faces Production Forest, but especially, also, the 
ore northerly Boreal-Tundra transition of non-fibre forests. It 
centres on the imprudent disturbance of the rather delicate 
equilibrium that exists between the forest or shrubby vegetation 
and the underlying terrain. Such disturbance can arise from the 
cutting of seismic lines in oil and gas exploration, from most 
road and railway construction, from strip-mining operations, from 
pipeline construction, from gravel-winning operations and from a 
variety of other construction developments that necessitate the 
clearing of vegetation and the crossing of water bodies. At their 
worst such operations can eliminate both endangered plants and 
wildlife, ruin forests, create eyesores, trigger erosion and 
terrain instability, and destroy water quality. The areas most 
prone to such dangers lie within the zone of continuous permafrost 
and upon the finer silty sediments containing ice lenses. Suc 
areas include the northern Yukon and adjacent northern parts in the 
Northwest Territories, together with much of the latter and northern 
Manitoba and Ontario north of a line joining Arctic Red River, NWT, 
Uranium City, Saskatchewan and northern James Bay. 
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South of this is the very broad zone of discontinuous permafrost 
where the same dangers exist in less predictable situations. This 
zone extends much further south than is often realized, embracing 
northeast British Columbia, and much of northern Alberta, Sask- 
atchewan, Manitoba, Ontario, Quebec and Labrador. Fortunately, 
repeated disasters have caused much research effort to be devoted to 
this problem and successful construction technologies and rehabilita- 
tion methods are available for a variety of soil and site situations. 


Opportunities 


So much for major threats, one of which - pests and diseases - is 
also one of the three major factors influencing agricul tural 
productivity. But what of the other two major factors raising 
agricultural productivity - new species or improved genetic 
material and new cultural measures, including cultivation, 
fertilization and irrigation? Do they have potential in 

Canadian forestry or are there other more relevant or promising 
lines? 


Fundamentally, of course, there are far fewer occasions for 
influencing a 60 to 100-year natural forestry rotation than for 
annual agricultural crops. By 1985 the proportion of man-made 
forests in Canada will not exceed 2% (Cayford and Bickerstaff 1967), 
so the opportunity is proportionately much less than in countries 
with major afforestation schemes. Increasing resort is being made 
to planting after logging, however, and as over 200 x 106 seedlings 
are raised annually on a nursery area of 1,200 ha there is appreci- 
able scope for the use of improved genetic material (Rennie 1972), 
which on the West Coast of British Columbia is said to raise 
productivity 18 to 25%. 


It is too early to say whether such improved genetic material 
will, aS in agriculture, require more fertile soils, but so far 
forest fertilization has only found very restricted application 
in Canada, mainly for economic reasons. Fertilization is used 
routinely in nurseries, in seed orchards, for the large 
Christmas-tree industry of New Brunswick, but hardly at all 
elsewhere. It has not proven very beneficial at planting or 
germination, as in other countries, nor on young stands, but a 
body of experimentation is now available to show that for a variety 
of tree species and soils in Canada very promising growth responses 
can be obtained on adult stands (40 to 70 years) applied 5 to 10 
years before harvesting. In this way an economic return can be 
realized on the cost of the fertilizer. Nitrogen as urea at a 
Single dosage of 100-200 kgN/ha has been the nutrient element 
most consistently giving a growth response, but added response 
is obtainable with N and P and usually with N,P and K together. 
Although recent increases in fertilizer costs have diminished the 
interest in fertilization, it does represent one of the very few 
ways to increase the productivity of a currently growing stand. 
All other measures, such as improved genetic material and site- 
preparation techniques must await the termination of the rotation, 
a period normally not less than 60 or more years. 
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Site preparation techniques, such as scarification and less often 
ploughing on wet sites offer considerable scope after clearcutting 
and there is probably an opportunity to optimize such practices on 
different site types by appropriate soil studies. It has been re- 
marked that less than $75/ha is spent in Canada on forest tending, 
which is about 7 to 10 times less than that spent by other forest 
countries. 


It has long been realized that normal logging harvests only part 
of the tree - the mainstem down to a certain diameter, with the 
stump, branches and foliage being left behind on the forest floor. 
There are residues in the mills, too, resulting from conversion 
of the mainstem - or "roundwood" as it is normally called - to 
planks, studs, plywood, veneer, and other products. There is a 
strong interest in a more efficient use of the tree and this can be 
done by removing more of the tree from the forest, reducing the 
proportion of residues in the mills, and by making some use of the 
residues. A first step towards this more efficient utilization is 
to find out how much of the various component tissues are present. 
Swedish and Finnish surveys are said to be in close agreement 
indicating 65% for mainstem, 20% for branches and top including 
needles, and 15% for stumps and roots (Nilsson and Wernius 1976). 
Very detailed work has been conducted in Canada, too, in respect of 
spruce (Gordon 1975), jack pine (Foster and Morrison 1976), aspen 
(Pollard 1972) and red pine (Rennie 1966). For a stand of 34-year- 
old red pine, for SESE of mainstem (down to 9cm diameter over- 
bark) volume 384. 5m3/ha weighing 414.7 tonnes/ha field fresh and 
180.74 tonnes/ha oven-dry, the following oven-dry weight distribu- 
tion was recorded: 


mead issue Percentage 
merchantable mainstem, wood 66.3 
merchantable mainstem, bark ane 
branches and twigs 13.0 
needles Peo 
total aerial 100.0 


Clearly, without even going to the trouble of extracting stumps 
the oven-dry yield of tissue could be increased by 50.8% from 119.8 
tonnes/ha to 180.7 tonnes/ha. Moreover, if the tissue were 
regarded as a renewable energy source it may be calculated that the 
yield of BTUs per hectare could be increased from 2.24 to 3.38 x 109 
BTU/ha. Indeed, the residue left on the forest floor could in an 
oven-dry state provide 1.14 x 102 BTU/ha. However, it has to be 
recognized that for field-moist or air-dry material the water 
content of the residual tissues has to be allowed for. It not 
only reduces the yield of BTUs, but raises the spectre of expending 
energy to transport water from the forest at the rate of 135.3 
tonnes/ha: It has to be remembered, too, that the residues 
contribute mineral nutrients and organic matter to the forest floor 
for the benefit of the next tree crop, quite aside of their being of 
lesser value for pulping. This is not to say that some residues do 
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not have value - in fact, processing residues are already being 
extensively used industrially - but it does mean that claims for 
new and non-traditional use of primary materials be subjected to 
informed scrutiny. 


Which brings us to the important question of preserving balance 
and perspective in the appraisal of opportunities. It seems to the 
writer, for example, that in spite of biomass studies, growth 
modelling, and hundreds of growth and yield studies, we are still 
far from being able to indicate the value and characteristics of 
land geographically. It is difficult to say how many mills of 
what capacity an area of forest could support when different 
cultural techniques and natural dangers are taken into account, as 
well as the interests and welfare of other users of the forest. 
Perhaps the super-abundance of the forest resource has not helped 
the link between research and practice. Such days are disappearing. 
Everywhere in the world today there is competition for land with the 
efficient displacing the outmoded. In spite of its vastness, Canada 
does not escape such challenges. In a short 100 years, man's 
industry has transformed the Prairies into the breadbasket of the 
world. The choice before the forester is rather similar - join the 
bison or truly manage the forest lands. And by this is inferred 
capitalizing on that extraordinary wealth of tradition and 
diversified expertise that goes to make up the art and science of 
forestry. 


CONCLUSIONS 


Both nationally and internationally the Canadian forest is large and 
important, forming a belt 1,000 km wide across Canada from the 

Yukon in the northwest to Newfoundland in the east. The forest is 
made up of over 130 tree species summating to 79% coniferous and 21% 
broadleaved. Not all the forest is Boreal, but the greater part or 
over 80% is. Some land is more Wildland than Production Forest, the 
areas being 519 x 106ha and 323 x 10°ha respectively, compared with 
67 x 10°ha for agrigu ture. On the 323 x 10°ha the standing wood 
volume is 19.5 x 10°m°, but on only 161 x 106ha is it currently 
economic to harvest tree crops. 


Over 90% of forest is Crown land and of that vested in the 
Provinces most is held by British Columbia, Ontario and Quebec. 
For just khe Boreal, however, most is held by the latter two. About 
0.65 x 10°ha are cut annually yielding 131.5 x 106m3 of wood volume 
valued at $5.5 x 109 after manufacture. Intangible forest values 
are habitat for wildlife, visual aesthetics, the stabilization of 
terrain and preservation of water quality. 


For all Territories and Provinces, an overall picture emerges of 
a broad arc of Boreal-Tundra transition on the Precambrian Shield of 
very low forest productivity - appreciably less than 1m3/ha/yr. 
Underlying soils are Podzols, except in the northwest portions. 
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Beyond this is the main band of Production forest, which is not as 
wide as the traditional Forest Regions map might suggest. Product- 


ivity is low to moderate west of the Manitoba-Ontario boundary - 
0.6 to 1.5m3/ha/yr, and greatest for the more southerly Boreal 
Forest Sections of Ontario and especially Quebec - 1.2 to 3.0m3/ha/ 
yr. Soils of the west are primarily Gray Wooded Luvisols and those 
of the east Humo-Ferric Podzols. Climate clearly affects product- 
ivity across the transition from the more adverse western Boreal 

to the less adverse eastern Boreal. 


Dangers threatening productivity include fire - 0.9 x 106ha 
burnt annually, insect and diseases - 88.4 x 106m3 of merchantable 
timber lost annually, poor management practice - 17.8 x 106ha of 
prime forest gone out of production, and airborne pollution - 2.5 
x 10°ha affected causing annual growth-depletions of $1.2 to $2.8 
x 10°. For more northern areas indiscriminate development 
practices wreak incalculable damage on heritage values. Opportuni- 
ties to enhance productivity within the general constraints of 
managing predominantly natural even-aged forest include fire 
Suppression, pest and disease control, genetically improved 
planting stock, fertilization and site-preparation techniques, 
and utilizing more of the tree crop. A particular need is better 
geographic information on forest productivity and soil character- 
istics so that the value of forest lands can be better assessed. 
In this way decisions on land-use developments, including the 
location of mills, in the context of increasing pressures on 
land, might be more rationally reached. 
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SUMMARY 


Both nationally and internationally the Canadian forest is 
large and important, forming a belt 950 - 1,600km wide across Canada 
from the Yukon in the northwest to Newfoundland in the east. Approxi- 
mately 80% of species are coniferous and 20% broadleaved. The forest 
comprises "wildland" and "commercially=productive" components, the 
latter occupying 323 x 10®ha_and containing 17.2 x 109m3 of merchant- 
able timber. About 0.9 x 10°ha are harvested annually yielding 
155 x 10°%m? of primary produce worth $6.3 x 109 after manufacture. 
Intangible forest values are habitat for wildlife, visual aesthetics, 
stabilization of terrain and the prevention of the siltation of lakes 
and rivers. Productivity depends upon mee see. and varies consider- 
ably with region, values ranging from m Shar! i in the better parts 
of the Boreal to between 1.4 and 2.1 msha7! yr-! for much_of the more 
central parts of the Boreal to between 1.7 and 0.7 m3ha7 lyp- -l or less 
for the more northerly areas. Forests are supported predominantly by 
soils of the Podzolic Order, with those of the Luvisolic, Brunisolic, 
Gleysolic and Organic Orders playing relatively smaller roles. The 
problems of lie diseases and fire cause annual losses of the 
order of 90 x 10°m3 of merchantable timber. Airborne pollution is 
estimated to cause annual losses of $1.2-2.8 x 106 on eastern podzols, 
' but a serious management problem is inadequate regeneration after 
- clearcutting, especially upon wetter soils. Some 5-30 x 106ha are 
affected necessitating an overall move from the traditional more 
»extensive type of forest management to newer more intensive practices. 


P. B. HOYT, W. A. RICE ‘and A. M. F. HENNIG 
Utilization of northern Canadian soils for agriculture. Research 
Station, Agriculture Canada, Beaverlodge, Alberta, Canada, TOH OCO. 


In the Boreal: Forest region of Canada there is a significant 
amount of land under cultivation. -This amount, however, is only a 
small percentage of the total. The importance of the Boreal region is 
that it contains the largest potential in the country for future agri- 
cultural development. 


The Dark Gray Luvisol and Dark Gray Chernozem soils, which 
border onto the Boreal Forest, are not included in this presentation. 
Neither are the Boreal Forest soils in the Maritime provinces because 
of their more southerly latitude. 


The Gray Luvisols (formerly Gray Wooded soils) of western 
Canada are the major soils under cultivation in the Boreal Forest region. 
Farming of these soils has met with mixed success because of both soil 
and climatic limitations. Since these soils also have the greatest 
potential for agricultural development, opening of new farmland in 
Canada will depend very much on improving the management of Gray Luvi- 
sols through research and development. 


EXTENT AND LOCATION 


The arable soils of the Boreal Forest region extend as far 
south as 47 north latitude in Ontario and Quebec and proceed in a 
north-westerly direction to British Columbia and the Yukon Territory. 
An appreciable area of potentially arable soils occurs as far north as 
62.. latitude in the Northwest Territories. (Harris et als 1972) ..) ine 
greatest north-south breadth of the soils lies east of the Rocky and 
Mackenzie Mountains. 


Cultivated Soils 


Within the Boreal Forest region, the greatest agricultural 
development of soils has taken place in the Interior Plains of the 
three Prairie Provinces and northeastern British Columbia (Table 1). 
This development spread from earlier agricultural settlement in the 
parklands. Over 90% of the cultivated soils are Gray Luvisols. The 
associated Gleysols and Organic soils constitute the remainder. 


Approximately 1.2 million (M) ha of Gray Luvisols are under 
cultivation in the Peace River region of northern Alberta and north- 
eastern British Columbia. They account for half of the cultivated 
soils in the Interior Plains portion of the Boreal Forest. There is 
also a major area of Gray Luvisols in west central Alberta between 52 
and 54° latitude. A relatively minor area of Gray Luvisols occurs 
along the northern edge of the parklands in central Alberta. The Gra 
Luvisols in Saskatchewan are generally north of the parklands from 54 , 
30' latitude on its western boundary to 52° latitude on its eastern 
boundary. The Gray Luvisols and associated soils amount to 0.6 M ha in 
Saskatchewan (Shields et al. 1970). In the Interior Cordilleran region 
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